Abstract-Female, Black, Latino and Native American students are underrepresented in the STEM pipeline. Finding ways to increase underrepresented populations in STEM fields continues to be a major initiative in education. Many underrepresented student groups express a strong orientation toward service and community engagement. Informal Science Education (ISE) can be structured to include community engagement and to engage learners' interest and enhance their understanding of the theory and practice of science. Service learning is a strategy that can be used within an ISE pedagogy to highlight how engineering acts as a community engaged vocation. This report describes a service learning project that exposed underrepresented high school aged students to engineering via a community service activity in which students built irrigation equipment for use in a community garden. The objective of the project was to use the context of service learning to motivate high school students to consider STEM majors. To describe the impact of informal science education through service learning, a qualitative study was also conducted. Three themes emerged: experiential learning (learning while doing), broadening perspective and identity as performance. Lessons learned and strategies for improving the service learning design are also discussed.
INTRODUCTION
Learning through informal education has occurred throughout the history of humankind. Livingstone describes it as "(1) a new significant form of knowledge, understanding or skill acquired outside a prescribed curricular setting and (2) the process of acquisition, either on your own initiative in the case of self-directed informal learning, or with aid of a mentor in the case of informal training, respectively." 1 He also adds that informal learning occurs "when teachers or mentors take responsibility for instructing others without sustained reference to an intentionallyorganized body of knowledge in more incidental and spontaneous learning situations, such as guiding them in acquiring job skills or in community development activities." 2 Informal education can be integrated into any academic discipline. betterment of humanity as their primary objective." 15 However, some STEM careers such as engineering are often perceived as being detached from community engagement. In other words, it is not construed as a helping community-service profession in the same way that being a medical doctor is understood.
The ERA Foundation commissioned an evaluation of public perceptions of engineering in the UK. They found that among other issues misperception reigns throughout the general public. The visual image from which the public conceptualized engineering careers was of "hard hats and tool belts. . . . [with] little space for creativity or innovation. . . . when engineers create an innovative solution, develop a product, or complete a project, they do not sing from the rooftops, they merely quietly pride themselves on a job well done" 16 . The ERA Foundation discovered that "fantastic examples of the innovative solutions developed by engineers [,] ranging from a solarpowered fridge used to keep medication cool in the third world, a magnet capable of measuring gas levels in canisters, or even a single-use syringe thought to be responsible for saving 60 million lives" 17 are often invisible to the general public. The invisibility results in engineers receiving little acknowledgement for contributing to the betterment of society beyond built structures. We postulate that embedding service learning into learning about engineering may help to provide a more balance picture. A positive outcome of linking engineering with service is that it may increase the appeal to chronically underrepresented groups in STEM fields.
Project Overview
The Bridge to Engineering program was designed as ISE. It included both alternative teaching strategies and alternative learning environments. It integrated service into an instructional plan that was designed to link the social issue of hunger and food supply with the engineering challenge of providing a sustainable irrigation solution at a local community garden managed by Friendship Gardens. The food grown in the Friendship community gardens is donated to the local Meals on Wheels program. The equipment constructed was sufficiently complex to require engineered design, but appropriate for the capabilities of the participants. Additionally, college-aged engineering students mentored the secondary students and helped to engage them in reflective practice as they completed the construction.
Bridge to Engineering sought to recruit high school aged participants who were college-able, and STEM-interested, but undecided about attending college or selecting a major. College-able indicates that the students were academically qualified by their high-school performance to enter a four-year college program. STEM-interested means that the students had an affinity for STEM topics, but not a strong commitment to select a STEM major. The Police Activities League (PAL), a community organization that engages approximately 1,000 local youth in a variety of extracurricular activities, after-school programs, and college preparation pursuits, agreed to recruit students from their enrichment programming to participate in the service learning project. PAL was active in pre-engineering enrichment activities through a robotics club that it supported and thus the program organizers believed that a pool of college-able, STEM interested, but undecided students could be recruited to participate in the project. Further, PAL was selected as the community partner because the Bridge to Engineering objectives were consistent with PAL's mission to perform community service and to provide educational enrichment. While PAL engaged in recruitment efforts, not all the student participants met the qualifications of collegeable, STEM-interested, and undecided regarding college enrollment and major. Participants that were recruited by PAL self-selected into the program and were not formally or informally screened prior to the start of the program. As a result many of the participants who arrived for the first day of the program were students who had already decided on a career in science and a few were not on an academic trajectory in terms of grades or present abilities to major in engineering in college. All students who arrived on the first day of the program were permitted to participate.
While the majority of the participants in the service-learning project were African American, there was one Latino student. Unfortunately, only one female student opted to participate in the service-learning project. Due to conflicts in schedules, all participants did not attend on every Saturday. On average, 12 students were in attendance at each session.
Providing information and mentorship from STEM professionals who were similar to the self-image of the students were additional strategies employed to help stimulate interest in STEM careers. The campus' Engineers Without Borders (EWB) student organization was a coauthor of the Chancellor's Diversity Challenge grant and six of its students representing various racial and gender backgrounds volunteered to serve as activity facilitators and mentors. Because participation in community service activities is an expectation of the organization, neither course credit nor compensation was needed as incentive for EWB student participation.
Project Description
The project itself consisted of designing and constructing a solar powered irrigation system that stored and distributed collected rainwater. The selection of the project scope was intentional to include aspects of each of the three primary undergraduate engineering disciplines. The pumping and piping aspects of the project appealed to students who might have interest in mechanical engineering. Collecting, cleaning, and storing rainwater are linked to civil engineering. The photovoltaic collection, storage and control system has clear connection to electrical engineering. Finally, the environmentally "green" aspects of the project, such as solar energy collection, rainwater harvest and local farming, were included and highlighted to appeal to millennials, who increasingly espouse an affinity for sustainability. The project unfolded over the course of four consecutive Saturday sessions, each lasting approximately six hours.
During the first Saturday, students were introduced to their mentors, played icebreaker games and were oriented to aspects of engineering as a career. After lunch they met a representative from the beneficiary organization, Friendship Gardens. His presentation provided the critical link between the work that students would do during the project and the alleviation of the community problem of hunger. He clarified how aspects of the project, such as the pumps being powered by solar energy in absence of an electrical connection and avoiding a costly water connection process by using the system stored rainwater, were linked to the mission of the organization to provide healthy food to the community's Meals on Wheels program, Friendship Trays. In the afternoon of the first Saturday, the students conducted exploratory experiments in each of the three fields of engineering. For instance, they measured the output of small solar cells in various lighting conditions in the electrical experiment, created pump efficiency curves in the mechanical experiment and measured roof runoff generation in the civil engineering experiment (Figure 1 ). After this exploratory day, the students were asked to select a discipline specific team for the remaining project phases.
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FIGURE 1 STUDENTS MEASURE THE OUTPUT OF A SMALL SOLAR CELL AS PART OF A PRIMER ON ELECTRICITY
During the second Saturday session, the students split into their disciplinary teams to undertake design tasks. The scope of these design tasks was narrowed to enable the students to focus on aspects that were appropriate to their skill and knowledge level. For instance, the civil engineering team tackled the task of designing a "first flush" system that discards the first quantity of rainwater that enters the system since this portion is most likely to carry contaminants from the roof. The conceptual design of the system was presented to the students, and then they assumed responsibility for sizing various components and planning the pipe layout. Most of the design activities took place at the project site, and students had access to parts and materials in order to experiment with potential designs (Figure 2 ). The two other groups undertook similar design tasks related to the solar charging system and the pumping system. The scope of each design team's tasks is described in Table 1 . Pumping and Plumbing -Estimation of head and flow requirements -Selection of pump parts -Design of pump control system
FIGURE 2 STUDENTS DESIGN A FIRST FLUSH DIVERTER FOR THE RAINWATER HARVEST SYSTEM
On the third working day, the students constructed the systems that they designed during the previous week ( Figure 3 ). Although the students primarily remained in their disciplinary groups, some special teams were formed to build components that linked the three main subsystems together. The construction project required more labor than the small high school and college student group could accomplish during the work period, so additional community members were invited to join. The extra volunteers were recruited from the Friendship Garden network as well as the university community. This created an excellent opportunity for students to continue informal discussions regarding the benefits of the project to the community as well as about their future education and career plans. Each of the project's subsystems was operational at the close of the Bridge to Engineering program.
FIGURE 3 STUDENTS WORK WITH THEIR COLLEGE STUDENT MENTOR TO BUILD A COMPONENT OF THE SOLAR POWERED PUMP SYSTEM
On the final Saturday session, students reflected, reported their accomplishments and celebrated completion of the program with family. Invitations to join the group for lunch and a project showcase were distributed to the families of the student participants. The final session was held at the university rather than the worksite in order to better accommodate the activity. The students were provided with poster-making materials, including prints of pictures that were taken during the working days. The high school students worked with their college student mentors to reflect on the significance of the systems that they had designed and constructed. The pressure of an impending presentation to parents and project stakeholders motivated the students to quickly collect their thoughts. Each disciplinary group prepared a poster describing the sub-system for which they had responsibility. Parents, siblings and extended family joined the students for showcase presentations in the afternoon ( Figure 4 ). Following the presentations, the students and their families were escorted on a tour of the College of Engineering facilities, including classrooms, computer labs, laboratory spaces and student areas.
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FIGURE 4 STUDENT PARTICIPANT PREPARES AND PRESENTS HER POSTER TO PEERS AND PARENTS
The project included many aspects of the service learning methodology. Jenkins and Sheehey 18 indicate that there are four elements to service learning projects: preparation, implementation, assessment/reflection, and demonstration/celebration. Preparation included the collaborative planning of the service-learning project. This collaboration occurred on two levels -between the EWB college students and the EWB engineering faculty advisor and between the EWB college students and the program participants. ISE often juxtaposes experts and non-experts in close proximity, but without the boundaries and hierarchies that would typically limit communication between these two groups in more formal environments, like classrooms. The EWB college student mentors were sufficiently competent with the science and engineering subject matter related to the project to accurately address inquiries for information from the secondary school participants during the planning and implementation phases of the project. The EWB college student mentors provided both lessons on the engineering concepts as well hands on experiences to understand the content and complete the construction. Driven by the need for additional details as they designed the subsystems of the irrigation scheme, information was provided using a "just in time" model. As both the student participants and EWB college student mentors discovered gaps in needed knowledge, appropriate information was given to continue movement on the project. These gaps often were uncovered during informal formative assessments by EWB college mentors posing questions and observations of the student participants as well as during the reflection phases of the service-learning project. The EWB college students built in purposeful time for the students to assess what they knew, to demonstrate what they learned, and to voice uncertainty and confusion about the learning. The collaborative nature of the project resulted in many occasions for students to switch to the role of teacher or expert amongst their peers during the Saturday work sessions and with their family members during the celebration and demonstration phase of the service learning project.
Outcomes
To assess the impact of the service-learning project on the student participants, a qualitative case study was conducted. Qualitative studies do not measure or seek to predict phenomenon but rather provide rich analytic descriptions based on the data gathered. Findings are formed from patterns identified in the descriptions of the data. The qualitative case study had three data sources: focus group with student participants, focus group with EWB college student mentors, and an individual interview with the PAL Club coordinator and Friendship Gardens representative. Additionally an informal assessment of perceptions of engineering was conducted on the first Saturday of the program. The informal assessment was embedded within an introductory/ice breaker activity through which the students introduced themselves and discussed their understanding of what engineers do (See Appendix A). The participant focus group (See Appendix B), EWB college mentor focus group and individual interviews (See Appendix B) were completed at the conclusion of the program. A $10 gift card was offered to each student who elected to be in the focus group. The graduate research assistant hired to work on this project facilitated the interviews.
The analysis (assessment of the data) was completed by one of the faculty program organizers and the graduate research assistant after the interviews had been transcribed verbatim. All of the data from the focus groups and individual interviews was inductively analyzed and themes were developed using a constant comparative coding strategy 19 . This involved reading each line of data for words and phrases meaningful to the research purpose then clustering those words and phrases based on emerging patterns, and similarities and applying a code. Codes were then compared to each other to form larger conceptual categories by either combining the codes or further delineating their differences. This process of constant comparative coding resulted in three themes/outcomes: (1) Experiential learning enhanced comprehension of engineering concepts (learning while doing), (2) Students broadened their perspectives about the engineering field, and (3) Students constructed an engineering identity through performance of engineering tasks.
Experiential Learning (Learning While Doing)
Informal science education (ISE) is not bound by conventional methods of teaching. It often involves using methods that are experiential. Experiential learning (learning while doing) is active, real-time, and relevant learning that often occurs in an environment more natural to the learning situation. Service learning was the vehicle used to engage the student participants in experiential learning. It provided a platform for learning about engineering concepts through reflection on the act of "doing" engineering in addition to engaging in applied engineering tasks. Experiential learning proved to be an essential element for developing and refining the skills, competencies, and present knowledge of the youth participants. The use of tactile learning added a dimension to the experience that reinforced the engineering concepts the equipment was designed to meet. Experiential learning integrates multiple senses into the learning experiences. This integration engaged the learners in ways that went beyond the scope of simply listening to a lecture, it also involved the practice of reflection. Through individual and group reflections, students gained in-depth knowledge of not only the engineering-related equipments' purpose and functions but also confidence in their potential role in engineering.
In the construction phase, through trial and error and reflecting on their collective and individual methods, the youth began to understand the importance of engineering in ensuring proper functioning of the equipment. Having the opportunity to problem solve when the
equipment did not work correctly, execute solutions, and see the results of their critical thinking in real-time provided a feedback loop with immediate reinforcement. As co-contributors in the service-learning project, students directed the projects' pace. The project only moved forward after the students understood how the equipment functioned to meet the objectives of the service learning project. Their ideas, reflections and actions were instrumental in completing all assignments in the project. For example, Chris, a high school project participant, describes his perception of his experiences during the service learning project. He outlines how experiential learning and reflection assisted in the internalization of knowledge. Chris recounted his experience:
'We like started everything from the base. It wasn't like they cut parts for us and then we put it together. We had to start from like the very beginning. And also, like helping out, [and] 
being able to design it...they weren't limiting us to like, ok, this is going to be the template, so you need to come up with that. It was more like just think what you wanna think and then we'll try to help you get that together.'
In addition to being active participants in the design and construction of the solar-powered water pump system for the large-scale community garden, experiential learning allowed the youth to take on various leadership roles within their designated groups. Teaching and learning were fluid among all project participants, meaning high school students moved beyond their role as receivers of knowledge and transitioned to creators of knowledge. They did not passively accept new information; rather, at each phase of the service learning project problem-posing was used as a strategy to actively involve the high school students in the learning process. This environment allowed them to repositioned themselves as teachers by adding to discussions and offering their college mentors suggestions regarding each assignment. Teaching back what they had learned, participating in dialogic problem solving through math and science related tasks and critically thinking about how best to accomplish each task reinforced the knowledge of the subject matter and increased their self-efficacy as science learners. The experiential nature of ISE through the service learning project resulted in increased confidence in their engineering abilities.
Broadened Perspectives
A second outcome was the broadening of students' perspectives of engineering. Prior to the service learning project, students had a narrow and often distorted understanding of the engineering field and of engineers. The high school participants associated engineers with mainstream, media images, such as construction workers and Bob the Builder and Handy Manny, animated characters from children's television programming. In addition, students frequently noted that they perceived engineers as "mad scientists in lab coats." The "mad scientist in lab coats" persona was characterized by the students as too smart, strange, unsociable and un-relatable, qualities that starkly contrasted with the students' perceived identities. Possessing these inaccurate views about engineers and generalizing all engineers as mad scientist framed students' initial understanding of what it meant to be an engineer. In regards to the engineering profession, students' level of understanding was limited to mechanical engineering, unclear about the work of other disciplines within engineering (i.e., electrical, civil, etc.). At the conclusion of the service learning project, the focus group revealed that students demonstrated a broader perspective about engineers and the engineering field. They were able to distinguish 
Identity as Performance
Students were taught about diverse engineering disciplines and careers (e.g., electrical, mechanical and civil) and participated in distinct work groups within the service learning project in which they performed tasks associated with a particular engineering discipline. The hands-on experiences in their respective work groups not only reinforced their capabilities, but also aided in the development of their engineering identity. Experiential learning resulted in students claiming ownership of the identity of an engineer. Julian stated, "I felt like an engineer" during the focus group interview. This echoed the sentiments of other students as well. At each stage of the project (classroom learning, designing, constructing and presenting), students performed different engineering tasks, positioning themselves within the field of engineering.
As the high school students began to see themselves as engineers, they also conveyed a greater sense of self-efficacy and confidence in their role and performance as engineers within the service learning project. John, the PAL supervisor, as well as the EWB college mentors, observed students displaying greater confidence. John affirmed:
'I think a lot of them (high school project participants) gain self-confidence. And to some extent a higher level of self -esteem. '
The budding confidence in their abilities strengthened their engineering identity. An example was seen in how students successfully answered application problems posed by their mentors. Trevor, an undergraduate mentor, recalled the experience.
'Because we were trying to trick them with like one of the pumps like we made it look like really good and like there was this one little thing that wasn't going to work for it and they all caught it and I was like darn. Cause I was kind of hoping for them to pick the wrong thing so we could teach them, but they all like got it. I was like alright that's it then.'
He explained how he thought the students were going to incorrectly answer the question; however, they answered the question with confidence. The analysis of the data supports that engineering tasks, assignments and reflection engendered an engineering identity and inspired self-confidence among the high school participants.
Lessons Learned
In addition to the findings relative to the students' perceptions developed from the interview data indicated above, many lessons were also learned about managing a service learning project as a form of ISE. The program was conducted in an area of town familiar and accessible to the participants. This is a logistical element that we would seek to preserve when we facilitate the program in the future because it reduced transportation costs for the participants and allowed the participants to feel more comfortable. Timing of the program was also reconsidered. The program was conducted over four successive Saturdays during the fall semester. Because many of the fall sports occurred on Saturdays, this time of year proved to be an extremely busy time for the participants and may have limited the available pool of participants. Feedback from the parents included shifting from fall to spring. This timing shift has some conceptual grounding as well since spring is the start of the growing season. Another lesson learned was with respect to the spacing between sessions. Four Saturdays straight may have limited interest in participation not just for the students but for the EWB college mentors. The college mentors proved to be a valuable asset to the program. The students found the mentors readily approachable and relatable most likely due to their age. For future programs, we are considering meeting every other Saturday or meeting for two Saturdays with a week recess followed by the final two Saturdays or perhaps offering it as a week-long summer camp on campus.
In addition to the logistical lessons learned, we also realized that the curriculum needed refining. The college engineering students, who had the content knowledge but lacked pedagogical knowledge, developed the lessons. Though this limitation impacted the effectiveness of the lessons, the EWB college mentor involvement in the lesson planning was crucial. It not only reinforced their knowledge of engineering but it also gave them a sense of ownership in the process. In other words, they were fully invested in the success of the learning activities. In planning for the next program offering, we have enlisted the assistance of a student in science education. This student will help to shape the curriculum and help to coach the college engineering students on facilitation strategies. The science education student will also assist in integrating the idea of community engagement into the lessons to create a more explicit connection between the work of engineers and community engagement.
Finally, greater emphasis will be placed on screening participants. The students who were a part of the first implementation of the program were good and seemed to gain a great deal as a result of participating in the program, but as mentioned, many had already decided on a career in science and a few were not on an academic trajectory in terms of grades or present abilities to major in engineering in college. The STEM interested and STEM committed population and those who have an interest but not the grades are certainly appropriate targets for enrichment programs; however, we are specifically interested in understanding how a program of this nature can influence those students who are science-interested and college ready but not necessarily committed to a career in STEM. Developing a system to ensure that this population of students participates in the program is a key lesson learned from the first round of the program.
Success Stories
Tania, the sole African American female participant, displayed a growing interest in engineering as the project progressed. At the beginning her interest level was low. In fact to get her to participate, Tania's mom promised her daughter breakfast each Saturday morning from a popular fast food chain if she attended the service learning project and told her if she was not enjoying the experience, she could call her mother to pick her up. As the project progressed, Tania flourished, not only comprehending the complex concepts but also actively engaging and leading hands-on engineering related tasks within her group. Beyond a surface level understanding, Tania articulated how and why certain processes were executed and what effects they would produce. Through the collaborative work team and initial mastery of engineering jargon developed during the service learning project, she began to recognize herself as an engineer. As one graduate mentor expressed, "I really saw a spark of interest in Tania. She [may] not be going down this route, but she definitely sees [engineering] as a opportunity." From Tania's viewpoint, her explanation below shows her initial disinterest in engineering, and how through exposure to the engineering field, her viewpoint was altered, becoming more open to the possibility of entering the field. She began to understand how her math and science skill set might be well suited for a career in engineering. Tania explains her changed perspective:
'I think I had no interest for engineering at first, like none at all. I always wanted to be in the medical field because my family was and but now, I realize where they're certain things that I feel that I could apply if I was an engineer like, I'm good at math, and I like science, obviously. So it's just [looking] into the different aspects of [engineering and deciding] if I wanted to be more environmental or if I wanted to be more civic and in the community and doing [projects].'
Jaden, a Black male participant, also showed great interest and excitement toward engineering as a result of being involved in the service learning project. Jaden began informing his peers and teachers about the service learning project and his role in the completion of project assignments. John, the PAL coordinator, related a conversation he had with Jaden. Jaden, with fervor, disseminated information about his positive experiences as an engineer with his friends who were not in the program. The positive experience of the participants proved to be yet another sign of success that had the unintended consequence of those participants being ambassadors for engineering as a viable and exciting career choice. Though Tania, Jaden nor their peers conveyed a desire to pursue engineering because of its service-oriented component, it was clear that the service-learning project resulted in increased knowledge about engineering and a greater willingness to consider it as a profession.
Another project success occurred during the last day of the program. Students and their families were invited to campus. They were provided lunch and a tour of the engineering building. The students also received certificates of participation. The main event was a poster session in which the students explained the mechanics and the purpose of the tools they built.
This presentation helped to further cement the knowledge the students attained but moreso was included to showcase the work they completed and their pride in working on the service learning project. An unanticipated element that was observed was the parent interaction. As they circulated through the poster session, they asked questions of the students and talked among themselves. As we overheard conversations, it was clear that the parents gained a new appreciation for what their children were capable of doing and developed a greater appreciation for the ways in which ISE could promote an interest in STEM careers for their children.
One parent in particular stood out. During a conversation with one of the organizers, she indicated that her son was not at all interested in participating in the program. She signed him up and she made him attend. One the first morning, he reluctantly came to the program. When she picked him after the first day of participating in the day's activity, he was so excited that he could not stop talking about it. He gained a new understanding of what it meant to "do science." He not only looked forward to attending the remaining sessions but wanted to recruit his friends for the program as well. While it was validating to hear that the program's interactive experiential format had a powerful impact on the student, it was equally validating to hear the parent's endorsement of the process. Parents play a pivotal role in encouraging interest in STEM careers.
CONCLUSIONS
In conclusion Informal Science Education (ISE) can enhance not only students understanding of science but also their interest in science as a field of study. Engineering has historically been an area of study with low participation from African American, Latino/Latina, Native American and female groups. Literature on the importance of community engagement on career choice suggests that careers with perceived high levels of community engagement may be more attractive to those populations. When service learning is included within ISE, it can help demonstrate the various ways that community engagement is embedded in the work of engineering. Experiential learning strategies were shown to be instrumental for meeting the service learning project's objectives. This project illustrated that while ISE with a service learning component does increase both subject matter knowledge, perspectives of what engineering entails, and identification as an engineer, more deliberate and conscious efforts need to be made to create a bridge to engineering for underrepresented students through community engagement engendered through service learning. 
Community Partner & Engineers Without Borders Interview Questions
Have you ever participated in a service learning project with school age children? Share with me your impressions of the service learning project What was your involvement with the children during this project? What were your thoughts about the children as they participated in the project?
Affect: Excited, bored, disinterested, happy, etc, Behavior: on task, engaged, off task, playing around Cognitively: seemed to get the big picture, didn't see a connection to helping others/community engagement. From your vantage point, was this service learning project effective in helping to…
Pique the interest of students in STEM Pique the interest of students in Engineering What was it about the program that led you to answer as you did? Concluding thoughts
